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Needs assessmentNeeds assessment

Published literaturePublished literature
ConferencesConferences
Planning meetingsPlanning meetings
National priorities, including other agenciesNational priorities, including other agencies
Industry and investment communityIndustry and investment community
Research opportunities (unsolicited proposals)Research opportunities (unsolicited proposals)



Variation Variation 

NormalNormal
Within individual differences (growth & development; response toWithin individual differences (growth & development; response to environment environment 
or intervention)or intervention)
Between individual differences (taxonomy: class, group, species)Between individual differences (taxonomy: class, group, species)

Within species (and subWithin species (and sub--species = defined population)species = defined population)
Between speciesBetween species

AbnormalAbnormal
DiseaseDisease--relatedrelated
TreatmentTreatment--relatedrelated
Environmental Environmental 

Measurement systemMeasurement system
Precision and accuracyPrecision and accuracy

Lack of “gold standard” criterion reference objectLack of “gold standard” criterion reference object
Temporal Temporal 

Short termShort term
Long termLong term



Human Variation;Human Variation;
Growth & DevelopmentGrowth & Development

Population:
normal variants,
sexual dimorphism,
racial/ethnic character,
heritable differences

Individual
Growth & 
Development



VoxelManVoxelMan Electronic Anatomic AtlasElectronic Anatomic Atlas





SpecificitySpecificity

Antithesis of variabilityAntithesis of variability
Organism = genotype + Organism = genotype + epigeneticsepigenetics
Genotype = DNA + othersGenotype = DNA + others
DNA = nuclear + mitochondrialDNA = nuclear + mitochondrial

Genome is 99% the same for allGenome is 99% the same for all

EpigeneticsEpigenetics = cytoplasm + environment= cytoplasm + environment
At a macro level:At a macro level:

Anatomy + PhysiologyAnatomy + Physiology
Anatomy = species + individual variation + (growth & Anatomy = species + individual variation + (growth & 
development) + degeneration + environmentdevelopment) + degeneration + environment





Churchland, P.S. and Sejnowski, T.J. "Perspectives on Cognitive Neuroscience." Science. 242(4879): 741-745, 1988.



Main reasons for attrition Main reasons for attrition 
in drug developmentin drug development

PharmacokineticsLack of efficacy



Drug Development PipelineDrug Development Pipeline



Questions that involve imagingQuestions that involve imaging
What is the phenotype?What is the phenotype?

Size, shapeSize, shape
How does this individual differ from others?How does this individual differ from others?
What change has taken place? What change has taken place? 

Where is it?Where is it?
How big is it?How big is it?

What is the target?What is the target?
Magic bullet = Magic bullet = 
Access; specificity; toxicity; …Access; specificity; toxicity; …

What genes are expressed where?What genes are expressed where?
Reconcile traits and genesReconcile traits and genes

How does the genetic makeup of individual affect function?How does the genetic makeup of individual affect function?
In the presence of a drug?In the presence of a drug?
When subjected to an intervention?When subjected to an intervention?
What does this gene do?What does this gene do?

Given a specific gene, what variation does it explain?Given a specific gene, what variation does it explain?
What is the mechanism?What is the mechanism?

Explain the functional consequences of an interventionExplain the functional consequences of an intervention
……



Context
organizes views.

Context
provides goals.

Data Quality:
Verify against World

Evaluate
inside goals.

Image ExploitationImage Exploitation

Segmentation and Labeling

Image Understanding      

G
oals

Knowledge-based Decision Support Systems 
for Diagnosis and Therapy



NeedsNeeds

IntegrationIntegration
MultisensorMultisensor

Persistent infrastructurePersistent infrastructure
Security and confidentialitySecurity and confidentiality
SpeedSpeed
SpecificitySpecificity
Image exploitationImage exploitation



FEBRUARY 2003 MODERN DRUG DISCOVERY 35-40

Need early information on 
absorption, distribution, 
metabolism, excretion
(ADME) and toxicity data 
(together called ADMETdata).

NATURE REVIEWS | DRUG DISCOVERY-
VOLUME 2 | MARCH 2003 | 192-204



Barriers Barriers 

Obstacles to collaborationObstacles to collaboration
Communications infrastructureCommunications infrastructure
Data sequestrationData sequestration
Incompatible interfacesIncompatible interfaces
Isolation Isolation 
Tools Tools 



Boeing 777Boeing 777

CATIA workstation

$5B project$5B project
10,000 engineers; 238 teams10,000 engineers; 238 teams
5 years from concept to product5 years from concept to product
7,000 workstations7,000 workstations
17 time zones17 time zones
> 1 M unique parts> 1 M unique parts
Used CATIA softwareUsed CATIA software



Harvard Business Review July–August 1999





Disastrous Effects of Disastrous Effects of 
ACTIVE INERTIAACTIVE INERTIA

Strategic frames become blinders. Strategic frames become blinders. 
Strategic frames shape how managers view their business; they heStrategic frames shape how managers view their business; they help lp 
managers stay focused. But these frames can also blind managers managers stay focused. But these frames can also blind managers to new to new 
options and opportunities.options and opportunities.

Processes harden into routines. Processes harden into routines. 
Established processes can become ends in themselves, even when tEstablished processes can become ends in themselves, even when they’re hey’re 
no longer effective. People overlook better ways of working.no longer effective. People overlook better ways of working.

Relationships become shackles. Relationships become shackles. 
Every company needs strong relationships with its constituenciesEvery company needs strong relationships with its constituencies——
customers, suppliers, employees. When conditions change, howevercustomers, suppliers, employees. When conditions change, however, , 
these relationships can restrict flexibility.these relationships can restrict flexibility.

Values harden into dogmas. Values harden into dogmas. 
A company’s vibrant values unify and inspire its people. Over tiA company’s vibrant values unify and inspire its people. Over time, me, 
however, they can harden into rigid, selfhowever, they can harden into rigid, self--defeating rules and regulations.defeating rules and regulations.



Science, Vol 298, 25 Oct 02; 762-3











MetricsMetrics

SignalSignal
NoiseNoise

RandomRandom
ArtifactsArtifacts
SystematicSystematic

Diagnostic performanceDiagnostic performance
VariationVariation

Short term = testShort term = test--retest reproducibilityretest reproducibility
Long term = stabilityLong term = stability

Most important is “Value Creation” Most important is “Value Creation” 





What is a Biological Database?What is a Biological Database?

A biological database is A biological database is 
a large, organized body of persistent data,a large, organized body of persistent data,
usually associated with software to usually associated with software to 

update, update, 
query, and query, and 
retrieve the data stored within the system. retrieve the data stored within the system. 



Molecular Biology Experimental Cycle Molecular Biology Experimental Cycle 
and Information Scienceand Information Science







What we can do nowWhat we can do now

MacroimagingMacroimaging –– 2D and 3D2D and 3D
Modest temporal variation Modest temporal variation –– milliseconds to milliseconds to 
secondsseconds
ChurchlandChurchland -- SejnowskiSejnowski mapmap
CT; MR; US; PET/SPECT; …CT; MR; US; PET/SPECT; …

Single modalities for in vivo humansSingle modalities for in vivo humans
Some animal imagingSome animal imaging
A few contrast agentsA few contrast agents
Small changes in abundant moleculesSmall changes in abundant molecules
Guide therapy with imagesGuide therapy with images



What we cannot do nowWhat we cannot do now

Apply and integrate multiple modalities Apply and integrate multiple modalities 
((multisensormultisensor fusion)fusion)
Localize molecules within the cell (in vivo)Localize molecules within the cell (in vivo)
Integrate image and nonIntegrate image and non--image dataimage data
Verify much of published work with available Verify much of published work with available 
data and toolsdata and tools
Control the specificity of imaging testsControl the specificity of imaging tests



What we could do to improve the What we could do to improve the 
situationsituation

Integrate = KISSIntegrate = KISS
Persistent infrastructure Persistent infrastructure 
Guide technology developments with specific Guide technology developments with specific 
biological questionsbiological questions
Develop specifications and design systems that Develop specifications and design systems that 
are task specificare task specific

Optimize and validate systems according to taskOptimize and validate systems according to task



Areas of concernAreas of concern

Data acquisition capabilities increase faster than Data acquisition capabilities increase faster than 
infrastructure to organize and use the infrastructure to organize and use the 
information we gatherinformation we gather
Disconnection between in vivo images and Disconnection between in vivo images and 
“mainstream” biological knowledge resources “mainstream” biological knowledge resources 
(e.g., genome and text databases, among others)(e.g., genome and text databases, among others)
Biomedical imaging science appears to lag Biomedical imaging science appears to lag 
behind neuroscience and genomics/proteomics behind neuroscience and genomics/proteomics 
in the integrated information infrastructure in the integrated information infrastructure 



Problem
/ Question

Tools

Results

•Medical & scientific literature
•Sequences
•Taxonomies
•Experimental observations
•Images
•Clinical data
•etc.

InvestigationInvestigation

Scientific Knowledge



N Engl J Med, Vol. 347, No. 20, 1566-1575 November 14, 2002
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http://www.rand.org/publications/MR/MR954/



Image RepositoriesImage Repositories

Open access to image archives is rareOpen access to image archives is rare
Image archives are not organized for research Image archives are not organized for research 
queriesqueries
Image archives are not linked to other forms of Image archives are not linked to other forms of 
biological databiological data
In general, there is no equivalent of a “specimen In general, there is no equivalent of a “specimen 
repository” for imagesrepository” for images
This is a major problem for imaging researchThis is a major problem for imaging research



=

Silo of DataSilo of Data



The ProblemThe Problem

Most biological knowledge is stored in databasesMost biological knowledge is stored in databases
Creation, expansion, and integration of these Creation, expansion, and integration of these 
databases has become central to the databases has become central to the 
advancement of biology and medicineadvancement of biology and medicine
Many image databases are isolated “silos”Many image databases are isolated “silos”
Medical imaging is unique in that there are few Medical imaging is unique in that there are few 
publicly accessible databases, links to mainstream publicly accessible databases, links to mainstream 
biological knowledge collections are absent, and biological knowledge collections are absent, and 
there are few (software) tools available that allow there are few (software) tools available that allow 
you to use themyou to use them



(protein/nucleic acid) Sequence Data and (protein/nucleic acid) Sequence Data and 
Molecular Biology JournalsMolecular Biology Journals

Prior to publication, peerPrior to publication, peer--reviewed molecular reviewed molecular 
biology journals require that the authors deposit biology journals require that the authors deposit 
their data sets in a publiclytheir data sets in a publicly--accessible archive accessible archive 
and obtain an Accession Number.and obtain an Accession Number.
The Accession Number is included with the The Accession Number is included with the 
publication (both printed and electronic form)publication (both printed and electronic form)
In many cases, the software tools used to In many cases, the software tools used to 
analyze the sequence data are in the public analyze the sequence data are in the public 
domaindomain



Why are imaging databases important?Why are imaging databases important?

Images contain the phenotype Images contain the phenotype 
In other fields (e.g., astronomy, In other fields (e.g., astronomy, geosciencegeoscience, , 
neuroscience, …), the integration of image (and neuroscience, …), the integration of image (and 
other) databases has had a revolutionary effect other) databases has had a revolutionary effect 

Coalescence of the scientific communityCoalescence of the scientific community
Open the field to rapid technological advancementOpen the field to rapid technological advancement
Possible to address questions that could not Possible to address questions that could not 
otherwise be answered (e.g., transotherwise be answered (e.g., trans--species, multiscale, species, multiscale, 
ad hoc group collaboration)ad hoc group collaboration)







Protein sequences are available at

ENTREZ



Figure 1
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Entrez
PubMed



110101

NCBI Entrez: Pathway to DiscoveryEntrezEntrez: Pathway to Discovery: Pathway to Discovery

Amino acid 
sequence similarityCoding region 

features

Nucleotide 
sequence 
similarity

Term frequency 
statistics

Literature 
citations in 
sequence 
databases

Literature 
citations in 
sequence 
databases

MEDLINE 
abstracts

Nucleotide 
sequences

Protein 
sequences



110101

NCBI Entrez Increases Discovery SpaceEntrezEntrez Increases Discovery SpaceIncreases Discovery Space

Nucleotide 
sequences

Protein 
sequences

Taxon

Phylogeny 3-D 
Structure

MMDB

3 -D 
Structure

PubMed
abstracts

Complete 
Genomes

PubMed Entrez
Genomes

Publishers Genome 
Centers

ImagesImages

X
X

X

X



Published

Enrolled / Evaluated

Eligible Pts.

Created

Most images are never seen
(and are not available) outside
their originating institution.

Image Pyramid



Current Informatics StatusCurrent Informatics Status

Genomics / ProteomicsGenomics / Proteomics
Public repositories are Public repositories are 
commoncommon
Links to primary data are Links to primary data are 
integrated into publicationsintegrated into publications
Indexing and retrieval are Indexing and retrieval are 
“free”, open and available to “free”, open and available to 
anyoneanyone
There are open source tools to There are open source tools to 
use biological knowledge use biological knowledge 
resources and apply them in resources and apply them in 
investigationsinvestigations

Imaging Imaging 
Few (?no) public repositoriesFew (?no) public repositories
Few links to primary data in Few links to primary data in 
publicationspublications
Primary data is rarely available, Primary data is rarely available, 
even temporarilyeven temporarily
Few open source tools that Few open source tools that 
operate on images in operate on images in 
conjunction with other forms conjunction with other forms 
of biological of biological 
knowledge/databasesknowledge/databases



NATURE REVIEWS | DRUG DISCOVERY; VOLUME 2 | MARCH 2003 | 233-240

PET = Positron Emission Tomography
AMS = Accelerator Mass Spectrometry



Current Approach 
fails in 40%

of NCEs

Microdosing
predicts behavior

of drug at
therapeutic dose
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Problems with proteomicsProblems with proteomics

The main difference between genomics and The main difference between genomics and 
proteomics is that the genome is a static proteomics is that the genome is a static 
collection of genes, whereas the proteome is not collection of genes, whereas the proteome is not 
a concrete entity, but rather a dynamic collection a concrete entity, but rather a dynamic collection 
of proteins that will differ from individual to of proteins that will differ from individual to 
individual, and even from cell to cell.individual, and even from cell to cell.
“There will be many proteomes that are “There will be many proteomes that are 
characteristic of specific cell types and disease characteristic of specific cell types and disease 
states.”states.”



SubcellularSubcellular localization of proteinslocalization of proteins

By confirming the By confirming the subcellularsubcellular localization of proteins and their localization of proteins and their 
molecular interactions, we can learn a great deal about the molecular interactions, we can learn a great deal about the 
functions of proteins functions of proteins —— and that, after all, is the whole point of and that, after all, is the whole point of 
proteomics.proteomics.

SubcellularSubcellular proteomes, proteinproteomes, protein--interaction networks and large interaction networks and large 
signallingsignalling complexes provide unprecedented opportunities to complexes provide unprecedented opportunities to 
unlock the mysteries of biological processes and to develop new unlock the mysteries of biological processes and to develop new 
rational therapeutics (proteomics will soon be competing with rational therapeutics (proteomics will soon be competing with 
proven technologies for, for example, target identification and proven technologies for, for example, target identification and 
validation in drug discovery).validation in drug discovery).



Nature Medicine – Vol 7, No. 4, Apr 2001; 493-496.



Nature Drug Discovery – Feb 2003 – Vol 2; 123-130.



Imaging in Drug DiscoveryImaging in Drug Discovery

Nature



Structural and
Functional 
Imaging of 
Small Animals



Nature Drug Discovery – Vol 1, May 2002, 395-398



Nature Drug Discovery – Vol 2; Feb 2003; 151-154





Potential contribution of imaging Potential contribution of imaging ––
Reconciliation of in vivo (human and Reconciliation of in vivo (human and 

animal) with in vitro biologyanimal) with in vitro biology

The disconnection of “mainstream” cell and 
molecular biology from the clinical phenotype (in 
vivo human condition) can be resolved to a 
significant degree by Imaging.



PNAS  January 21, 2003 vol. 100  no. 2  605–610



Another opportunity for imagingAnother opportunity for imaging

Once a human disease gene has been identified Once a human disease gene has been identified 
and its sequence variants characterized, this and its sequence variants characterized, this 
information can be used as a diagnostic tool. information can be used as a diagnostic tool. 
Nevertheless, details of the biological Nevertheless, details of the biological role(srole(s) of ) of 
the newly cloned gene are often either sparse or the newly cloned gene are often either sparse or 
entirely lacking.entirely lacking.
Gene Gene orthologsorthologs in other species (e.g., C. in other species (e.g., C. eleganselegans) ) 
allows understanding the abnormal human gene allows understanding the abnormal human gene 
function in a better understood, simpler animal function in a better understood, simpler animal 
model.model.



C. C. eleganselegans

Transparent, freeTransparent, free--living soil nematodeliving soil nematode
1 mm long, maximum 1 mm long, maximum diamdiam ~ 80 ~ 80 µµ
Diet = E. coliDiet = E. coli
Short life cycle (3.5 days)Short life cycle (3.5 days)
Large number of progeny (>300)Large number of progeny (>300)
959 somatic cells; 302 are neurons959 somatic cells; 302 are neurons
Complete cell lineage; complete nervous system Complete cell lineage; complete nervous system 
connectivity; detailed gene map (> 2000 loci) are connectivity; detailed gene map (> 2000 loci) are 
known.known.



Gene orthologs for human diseases.

Based on similarity search (using existing databases)
Examples:  Friedreich ataxia, spinal muscular atrophy, 
polycystic kidney disease; muscular dystrophy; 



NomarskiNomarski micrographs of several micrographs of several 
knockdown phenotypesknockdown phenotypes



Expression of Expression of CeSMNCeSMN--GFP in GFP in 
transgenic adultstransgenic adults



ConclusionConclusion

Imaging is important and will continue to grow.Imaging is important and will continue to grow.
Images define phenotypes (normal and Images define phenotypes (normal and 
abnormal)abnormal)
Lack of bioinformatics support for imaging and Lack of bioinformatics support for imaging and 
sequestration of imaging data impairs progresssequestration of imaging data impairs progress
Major opportunities Major opportunities -- image exploitation, tool image exploitation, tool 
and infrastructure development, increased and infrastructure development, increased 
specificity, specificity, subcellularsubcellular location of proteins, open location of proteins, open 
databases databases –– to improve the value of imaging in to improve the value of imaging in 
researchresearch





Research needs from Research needs from 
imagingimaging

Uncertainty = variabilityUncertainty = variability
Quantitative morphologyQuantitative morphology

Subtleties = needle in a haystackSubtleties = needle in a haystack
Reconciliation of genotype and phenotypeReconciliation of genotype and phenotype

Optimize systems for tasksOptimize systems for tasks
Phase change; transient / dynamic phenomenaPhase change; transient / dynamic phenomena



Science
14 Feb 2003
Vol 299, p. 990.


